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b E AT (CCD k) i E L i K B b SR 2
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W77 T R A R ARt A ) 75 3 3 R v A 80 B e 2 )
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1 57 &*

1.1 HiEk

WARRFEHUE (S. sapinea) i E ARV FF=HF
SRR O L, 5 AREE (T. songyi) M75
AR S 28 A0 B e A4S, BUARHE T R Mol il
YRR BTG, (RS 5 : CFCC54490,
1.2 RKWH*
121 HREREMIS LHRBEERFE B
() M75 B bk F0 T PDA FEMARREF: 35 E, 28 C %
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FULHE, B EIEWZ 0.45 pm TG ML IE T g

T 4 C IKFEP IR
122 HEKREM75 LH A BIERTAKRTIOE
AP R Ik B 1.5 mL1.2.1 FIEF]) M75
TR AR TEIEH, S5mH#IFe 2 45~50 °C 1) PDA
B SLR A Y S EN AR . R AR S, AR
B b g s BTG AL IS B ELAE 5 mm A A BR5E A B T
PF, LABSINIC K A& 0 A R IR, T 28 °C
TR FRAE TP 92 5 d, MR AABRST A A TR V% 1L
o PTAIER 3R, MEFIHHEAKXWT:
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FAER AU 0T HRZH B4 — A BR A7 e Ab PR 2H L AR o
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100%

1.2.3 Plackett-Burman X% # = 2 % B & |
H Plackett-Burman # i " %} 8 i £% 35 K 5
M75 T Fk 70 B 3 14 1 8 A~ PR 3R R AT i 3 M O 3o
Wi EE (A BEAK (B) . Bk
(C). fE (D)., ¥ ¥ (E)., #F&E (F),
Wi (G) FIEFEEE (H), &R E
PSS, BIEZKSE (+1) AR (1), 45
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) TG TR 2 TR0 P 3R A0 TR ) 400 TR7 2384 g i 17 {1
(Y), it 1245, SR EL LA 3K,
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#£ 1 Plackett-Burman X8 i% i+ R & EZ/IKEE

Table 1 Levels of the variables of Plackett-Burman design
7K Levels
P iS5k
Variable code Variables MRIKF K
Low value (-1) High value (+1)

A Hi%k% (Glucose) 2% 3%
B BEE AN (Tryptone) 1% 1.4%
© TR (ZnSO,) 0.15% 0.25%
D IR (Temperature) 30 C 34 C
E i (Speed) 180 r/min 200 r/min
F #FpE (Inoculation amount) 2% 4%
G i (liquid volume) 160 mL 200 mL
H BRI (Time) 4d 6d

T RPAD SRR ERE

Note: “%” represents the volume percentage
124 mBR¥GKIRET 78 PB s ny LA
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IRBENCYL, o 3 AN S N Z R IO A B DR AN 1
E PR IE B TR E T ISTT 1), 3 AN &R AR s
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(A). BEAK (B). e (C). RE
(D). ## (E). #fE (F), XEE (G)
ARG (H) 8 MR R IFAT ZAKFHRE, K59
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g Bnl ., 725 11 ik, HEAE
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WAHRIEH 77.33% (% 2), 84Ty ZHEH
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PrR>$Epp >t gt ), Horb R | b .
MR E MO TR =7, BRREE (D) >#%bE (A) >
¥ (E), H P{EI/NT 0.05, uillx 3 HER
JORHERI R, e AR K M75 TSI &
TR DRV P AT TR 1, 2R R g e o A 7R 1) =

KA, $iX 3 AR R FEH IR R T
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% 2 Plackett-Burman iR H& R ER
Table 2 Design and corresponding results of Plackett-Burman experiment

bSES
R Variables BT TS
RunNo.  asizg BJfE Chilig Dif& EfE#/ Fhefb Gy Higsspp  Colony diameter/em  Inhibition rate/%
W% EWE%  BH%  FEC (remin) B/% &L Iél/d

1 -1 =il 1 1 1 =il 1 1 3.11+£0.10 58.44 £ 0.01
2 -1 1 =l -1 -1 1 1 1 2.82 £ 0.06 62.35 + 0.01
3 -1 -1 -1 -1 -1 -1 -1 -1 2.5+0.05 66.67 +0.01
4 -1 1 1 1 -1 1 1 =il 3.43 +0.06 54.27 £ 0.01
5 -1 = =l 1 1 1 -1 1 3.09+0.08 58.76 £ 0.01
6 1 -1 1 -1 -1 -1 1 1 2.12+0.13 71.78 £ 0.02
7 -1 1 1 -1 1 =il -1 =il 2.23+0.07 70.31 £ 0.01
8 1 1 =l 1 1 =l 1 =l 2.88+£0.10 61.56 + 0.01
9 1 -1 1 1 -1 1 -1 -1 2.97 £ 0.20 60.44 + 0.03
10 1 1 =il 1 -1 =il -1 1 3.02+0.16 59.78 £ 0.02
11 1 1 1 -1 1 1 -1 1 1.7+0.13 77.33 £0.02
12 1 -1 -1 -1 1 1 -1 -1 1.78 £ 0.08 74.53 £ 0.02
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Table 3 Evaluation of placket-Burman test effect
K
FS LOLE RO Ti Pt BEVEHER
Variables MK KT Estimate t-Value p-Value Significance order
Low value (-1) High value (+1)

A: Hii%iHE Glucose 2 3 5.768 7.67 0.005 2
B: sk H ik Tryptone 1 1.4 -0.835 -1.11 0.348 6
C: BMREE ZnSO, 0.15 0.25 1.485 1.98 0.143 5
D: i#J¥ Temperature 30 34 -11.622 -15.46 0.001 1
E: #i# Rotating speed 180 200 4.272 5.68 0.011 3
F: #/& Inoculation amount 2 4 -0.142 -0.19 0.863 7
G: ¥ Liquid loading 160 200 -1.725 -2.30 0.105 4
H: %7#141) Incubation time 4 6 0.112 0.15 0.891 8

PRUEACRN A h SRFEE (1) B ERRAL
D 3] e ZNRIE B B AL RN, B 45 XHEL . #F Pareto
B, WEEE (D). mi#H (A) il (E) B
Tt=3182MSH%k, XX IPMHELEa=
0.05 /KF | HA W EE, Pareto K4 H 5 PB ik
BB VA ) S RS AR — B X PB il 4h
RS R BT, R0 — R Y=
64.686 + 2.884 A-0417B+0.743C-5811D
+ 2136 E-0.071 F-0.862 G + 0.056 H, iZJy
FER e 28 (R?) =0.9913, KUZ MG
Raf. AR, WE (D) MR, R
TR AR EAED XTI B SR R S R A5 g A 7, I 28 A AR
TR EUE ; MAIARE (A) M (E) BREL
B M IEAE, 10 BH 3 IR I A G B AR Fr ELAEDG 0
RPN R AE N 2 A 4 v 1 A R R S
FEAEN (A4 o e K

FrufEfba N iy Pareto &1
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Note: A: Glucose; B: Tryptone; C: ZnSO4; D: Temperature; E:

Rotating speed; F: Inoculation amount; G: Liquid loading; H:

6
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Fig.1 Pareto plot of standarized effects

22 HEEREIKIELER

A PB i h 8| Zon— ko e, HRLUE
P T e B S rh (9 C 3 7 1) R AR by 25
KAl b (A) fifH (E) RECHIE,
T 438 A0 TP S B A 114 (P s %o 7 {410 7 %6
(RS Ry A AR, o 494 R 3 R A B A (1 B
ML (D) PRBON T, $aR T i ERLEXT I
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T BV X A R SE A I B e e v, B SRR
(A) }275%, B (D) K31 C, ## (E)
9195 rrmin”" B, SMERETEME IR B E AL, RITE SO
RIS R, DA EIRSAFAESS CCD Hrut st A 7R
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23 HubdEA CCD it
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PR XF3 6 e g kAT —kmle, #5300
PUETTRUT
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Table 4 Design and corresponding results of the steepest ascent experiment
5k
B Variables HIE 1%
Run No. A% DIELEE/C E&E/ (rrmin™) Inhibition rate
Glucose Temperature Rotating speed
1 2.00 34 180 57.11+0.34
2 2.25 33 185 61.42+0.15
3 2.50 32 190 74.89 +0.12
4 2.75 31 195 77.78 £0.08
5 3.00 30 200 76.09+0.13
6 3.25 29 205 73.73+£0.23
7 3.50 28 210 71.78 £0.16
*5 HulEE (CCD) RIWTERKFE
Table 5 Variables and levels for central composite design
KF
ESES Levels
Variables
-1.68 -1 0 1 1.68
A: Hi%HE Glucose 1.90 2.25 2.75 3.25 3.59
D: iR Tempreture 27.6 29 31 33 34.4
E: #i# Rotating speed 170 180 195 210 220
#x6 FubES (CCD) iKWEFITRE
Table 6 Design and results of central composite design ( CCD )
Sk EIES
g Variables Inhibition rate/%
Run No. AT E DifLE Efbi WA I
Glucose Temperature Speed Experimental Predicted
1 -1 1 -1 68.76 66.21
2 1 -1 -1 68.42 66.77
& 0 0 0 82.71 82.02
4 0 0 1.68 79.52 77.21
5 0 0 0 82.71 82.02
6 =1 = =1 62.85 62.45
7 0 0 0 82.71 82.02
8 0 0 -1.68 66.78 70.16
9 =1 = 1 56.68 57.62
10 0 -1.68 0 55.49 54.71
11 -1.68 0 0 65.84 66.13
12 1 1 =1 65.85 64.15
13 0 1.68 0 60.38 62.23
14 = 1 1 68.28 69.18
15 0 0 0 78.75 82.02
16 1 1 1 77.72 77.36
17 0 0 0 82.71 82.02
18 1.68 0 0 75.86 76.64
19 0 0 0 82.71 82.02
20 1 -1 1 70.38 7217
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Table 7 Analysis of variance (ANOVA) for the quadratic model of central composite experimental design
T3 ZHRIF Rl H A Y5 Ff PiE
Source Sum of Squares df Mean Square F-value P-value

%! Model 1538.95 9 170.99 32.93 <0.000 1
A 133.20 1 133.20 25.65 0.000 5
D 68.13 1 68.13 13.12 0.004 7
E 59.92 1 59.92 11.54 0.006 8
A*D 20.29 1 20.29 3.91 0.076 3
AE 52.43 1 52.43 10.10 0.009 9
D*E 30.42 1 30.42 5.86 0.036 0
A 203.67 1 203.67 39.22 <0.000 1
D? 998.90 1 998.90 192.37 <0.000 1
E? 125.09 1 125.09 24.09 0.000 6
Residual 51.93 10 5.19

Lack of Fit 38.86 5 7.77 2.97 0.128 4
Pure Error 13.07 5 2.61

Cor Total 1590.88 19

W ANTERE, DR, ENfEE. *RRAEP<0.0123E, *HTREp<0.05E3FH, NEREP<0.057EFE; i RER?=0.967 4, A¥E
HIYE 2 HAdj R? = 0.938 0, TillllR?=0.8005, &5 #%(C.V.=3.18, {5¥:ll (Adeq Precision) =16.945 4.

Note: A: Glucose, D: Temperature, E: Speed. ** means significant at p<<0.01, * means significant at p<<0.05 and N means not significant at
p<<0.05. R?=0.967 4, Adj R? = 0.938 0, PredictedR? = 0.800 5, C.V. = 3.18, Adeq Precision = 16.945 4

Fs, ARSI F {4 32.93, P<0.000 1,
FOAREAYA B3, 1 R U Lack of Fit Jz i 5
Bl SEAUR AT SO, R F{H o 2.97,
P {f>% 0.128 4>0.05, F/RKAUTZARER, X
FOR AT, BIRRSE He R . Bl
ERE R =0.967 4, ULHIEEARNE DL 96.74%
AT DL A R R i e, RS A AR SR s R B
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PG PR AT B m AR e I, RS PRIE LG
FREE RATF, T LIXHRR T A8 TC A A IR DSV ) 41 BT T
PER AL PRI 53 PR, I 25 R R
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XA B AR, {8 F Design Expert 11.0
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X 45 R 2R 138 B R e Ak 25 1 A8 st A T4
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SN VA (=R NVA SRS SRR S A g [ R
T 3D e A A, 2D Lk KIMBE, ik
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i, 2D L EBIEE FRIE, MR EZ
EESZNTE N
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Fig. 2 3D response surface plot and 2D contour plot of the interaction effect of glucose and temperature on the
antibacterial activity of T. songyi M75
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Fig. 3 3D response surface plot and 2D contour plot of the interaction effect of glucose and rotating speed on
the antibacterial activity of T. songyi M75
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Fig. 4 3D response surface plot and 2D contour plot of the interaction effect of temperature and rotating speed
on the antibacterial activity of T. songyi M75
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Optimization of Fermentation Conditions of Trichoderma
songyi M75 Strain by Response Surface Methodology

ZHANG Ming', NING Shao-hua?®, GAO Qian', XIE Xian', CHENG Yuan', LIANG Jun'

(1. Research Institute of Forest Eecology, Environment and Nature Protection, Chinese Academy of Forest, Key Laborary of
Forest Protection of National Forestry and Grassland Administration, Beijing 100091, China;
2. Beijing Xishan Experiment Forest Unit, Beijing 100093, China)

Abstract: [Objecive] To improve the antibacterial activity of its sterile filtrate against the pathogen of pine
shoot blight and obtain the high-efficiency antibacterial fermentation medium formula of Trichoderma
songyi M75, response surface method was used to optimize the liquid fermentation culture conditions of T.
songyi M75 . [Method] Plackett-Burman experiment, the steepest ascent method, and response surface
method were used to optimize the fermentation medium of T. songyi M75, and the experiment data were
analyzed using Design Expert 11.0. [Result] The three main influential factors were glucose, temperature
and speed and the optimal fermentation culture concentrations conditions were: glucose 2.75%, tryptone
1.2%, zinc sulfate 0.2%, potato juice 1000 mL, temperature 31.0 °C, rotation speed 195 r-min™", inocula-
tion volume 5%, liquid volume 180 mL, fermentation culture 5 d. [Conclusion] This study greatly improves
the antibacterial activity and obtains the optimal culture conditions, which provides an effective basis for
the follow-up study of T. songyi strains.

Keywords: Trichoderma songyi; culture conditions; response surface methodology
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